-1- 



TITLE OF THE INVENTION 
ULTRASONIC PROBE AND METHOD OF MANUFACTURING THE 
SAME 

This application is based upon and claims the benefit of priority from 
5 the prior Japanese Patent Application No. 2000-029309 filed February 7, 

2000, the entire contents of which are incorporated herein by reference. 
BACKGROUND OF THE INVENTION 

iJy-^^-t^ioy-y^—^y\f:y^^ (CFM) UkMmm^mm\^l^ 
y^y=L^^-^=:-^y^^ (THI) '^^(^^^Wntmm^flX 

20 hy^u^^'t\m'r^mum<Dmmt-^^m^\^x\^^o 

■mfmm^i^'o. A-~^fm^'^m^.^%n.x^^i:o\z.-r^fz.^xh^o im. 
^(D^'{i:(D—-Dt bT. ^lyf—Wj^x-h^mw'i^yrj-y^^-^hiz.MmmK 
25 jmmt-r^ r t hfhx\^^. 

m^^ihhfm^f^}£(Dm.'^^mmm^-^fhx^^^. 

15 1. #§BBS6 0-9 7 8 0 0. #|flBS6 1-5 3 5 6 2. #liHH6 1-10 



94 0 0/^^\ M3t^fii:LT#r?iBS5 7-4 5 2 9 0, #r?S0g 5 8 - 2 1 8 8 
3. #||B§6 0-5 4 6 0 0. #TO6 0-8 5 6 9 9. #r?iBS6 2-1 2 2 4 

9 9. #r«6 2-1 3 1 7 0 omi^'i:(Dmmmm^tix^^?,^ 

^tuTV^S, (#r?fl¥0 9-8 4 1 9 4) 

5t$r!i^L mm 2000-14672 ^<2^##BSJ . ^n— ^^-f-^^^W^ <9 (^ei: 
^^lC0T®f^fl^-^5/^^^^W2^5f^it^n-CV^5o ^f-. miSs^B»m^±® 



-3- 



5 § m%^m) o 0 1 D (75#3t^-*5i >T F p c 6 f^tute F p c co2f mil ?r^ib^^(7) 
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BRIEF SUMMARY OF THE INVENTION 

IBTffi^tlgilt^^i'^^c^ < 2X10^ g/m^ s 7!?^ 1 0 X 1 0 ^ g/m^ 
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"9 <. tufB#||2(^m^;a^bmMiail^^ltmbTGND^^5t-r5fci6© 

Additional objects and advantages of the present invention will be set 
forth in the description which folows, and in part will be obvious from the 
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description, or may be learned by practice of the present invention. The 
objects and advantages of the present invention may be reaUzed and obtained 
by means of the instrumentahties and combinations particiilarly pointed out 
hereinafter. 

5 BRIEF DESCRIPTION OF THE VIEWS OF THE DRAV\TNG 

The accompanying drawings, which are incorporated in and 
constitute a part of the specification, illustrate presently preferred 
embodiments of the present invention and, together with the general 
description given above and the detailed description of ttte preferred 
10 embodiments given below, serve to explain the principles of the present 

invention. 

^i^0ji-^fcJ6(D[i]T'&So 01 Ef^. m\ Dtc^bfdt-^^F p c 6 (DmnM 
15 ^w&Bumm^i' 1 m^hmmx^^, 

El2ft. mi. m2c7)^»^te#S@#&:/n-:7^1 0(DW«j^:Sr^-r#4 

m 3 m 1 , m 2 n —y^ 1 0 cDifs^r^f a 

@7ft. B2CDyi/:3f-v'://Via||^^4 4(D^mii4 4 0 (D±®[gl^^LTV ^ 

25 



011. 12. i3«. m7(Dmm]fm\m^m=^'my°^-y^(DmMim^\^ 

5 DETAILED DESCRIPTION OF THE INVENTION 

m2\Z.^\^X^ ®^^^:/n-yi O^t. ^^]±mf^ (1-3M) 11. 
10 7. ^PV^^/Xl 9. *ami«2 1. :7l/:3p.>yyv|a||^:^2 3. /^^y 

it^ffimft: (1-3M) 1 Ui. mi^H^si±m#:i 1 1 ^ ±fIJ P V CMlii 1 1 

3^Tfiijpvc«jii 1 5i^^LTv^5o -ffi.^^^. ii^j±m^^ (i-3§y) 

W^^^)±Wf\ 1 Ifi:. «^::r:7MI'p' (PZN). ^^l^m^ (PT) ^^Sr^ 

Ai9PvcM^M-r6-i(;ij;^?f^^$^ytji-e&i9. Mw^. 

s7!7^1 0 X 1 O^g/m' s^lg) ^^LTV^S, 

25 Tftijp vc^sgji 1 1 5 1 1 ©±ftijis>?j-w (i^r. t#j) 

J^IIAt9PVCtf|g^~M^-f-5r^f^J;i9ff^^$tT.^cjlT^fe^. #ftt4. 

vctriiiii 1 5<^±fiijpvctrigjii 1 3«. mi5§H%i±mi i i(7)^^/tv 



/fj^^ ^.y^ is^^g^ih-f-^^f ij^ uTv (DTm p V cmmm 115 
10 ^mmm^ 2 1 ±{iijp v cmmm 1 1 3 (D-mm^^ hfix\^^o *am 

15 5/ ^V^'^W 2 5 fi. ^ W^v^:7Vvgal^5 2 3 C7)^^^®(^|^^t e^/htr fc^ V) ^ ^ 

#:i l(^Mit^?^^-ov^-cfj&p^-rs. ^mmiumx m^^Bj±mw-i 1 K^f^^ 
(mi ^^5/7°). ^Tpvcmmmmm (m2:^'r^yy). pvctriiiiii 
3. 1 5(7)^v^>i/:^^^ (m3:^^yyi^ mmMM mAT.T-y'T). Y>Ycmm 

Jill 3, iSWJg i^sy^'ry^) (D^^cD-X^f^y^'ryyi^'y^n^^hi)^^ 
25 -Ct §0 

^-r. Bi;^7^:y-7^c7)^I^J±mf2^1 lcD?f^^^CoV^TI^0^-t-5c 
ffil&::^;^:/»p^ (PZN) t^^l^m^ (PT) ,t^59i : 90^e/l-i:b^Pb 
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5 7:k\z.M2:^T--^:f(o±rpvcmmmi 1 3. 1 5<Dmm^-o^^xmm-t^o 

:fyy°hl^v—y°\zX'^:^^y^'-Lfz.m. *mt4(D||Ai9 P VC;itli.gr'M;f|?LT 3 

0 0 uii:i^-mmmmi^x^mi^mnmM^f^±mpvcmmm 1 1 3 ^jfm-f- 

60 IWJIiiC. i±m#:i 10»EjM^i3 0 0 AmCOMtt^^f^c^TflJPVCmjl 

10 1 1 s^jfMi-^o ±iMPvcmmmi 1 3 ^Tiipvc^jmiii 1 5(d 
m4.:^^y:/(Dmm%m\z.-D\^xmm'r^o 

^2;^^5/y^c^oV^TMJ5Jc$i^^clSA'9 PVCttSloiil 1 3. i i 5{^j:o 
15 X^l^ K-r ?/^^ti.fcJ±^#:i 11^, ^W^i^V— 1?5 0 ^ mj^O^V— K 

Ki:^ 2 0 0 ixra\i°y^Xm'^SOO ixr^ {1 0 0 nmCD'^^mV) (DM^TU 

mmm\^xm^imm(Dwmm^Mf^]^x^:^°^^>mm i 2 ^^mi^mt^^ 
20 yjfefc. m5;^7^5^-7°(75±TPvctf5giii 13.11 5<Dmm\^-^^^xtm'r 

a^-T 15 0/^ m{^Wil-f-5o MJC^«9^Ulij^±®i: LTf^lt^;! 1 5 0 mt^ 
25 T:\ OTJ^t-J:6^5^t°^-^^^^^5/^0/>/^VNl-3Mii^J±mi l^JF^JqJc 
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x.XhA\^\ 

m^. }itmmMMz.^^xm^^f\^f^i-'3>mm.^j±MW-^m^^^x. -ixit 
T w§y®^^-7°n--yi Q-^m^-t^Mmm^. m?>\m-:>xwim-^. 

10 m.^]±mt-\ \ (i^m\vwc)mm \ 1 3(c*amtMi2 1^, Tfijp 

V C trail 1 1 ^\z.y\y^^y-f;\^mmR2?>-^. ^m-<-^ h ^ ^SrfflV^T^^ 

mz.. tcj; t9J¥^ 5 0 Aini(Z):7V— K-T:\ T \y-^-)iU\z.2 0 0 

9 ^^*t-^o 

•^UT. %nM^\ 1 0 p Pym. 2m(D^#^— ://P^tjire:7U^v'7^ 

j\^mmK2 3 icmmt^ :itx\ i wm^^^s-t-h-:/- i o ^M^t-r 

trmpvcmmmi 1 5 txmi^^s&mi^i 1 i^mA^x^^^(DX\ rw^t^ 

25 ^fc. ±fiijpvc«gi 1 3 trmpvcmmmi 1 5 ^f^. im^BBmi^ 
1 1 i^ci:bb-c/h$v>^^^t°-^v^, afrnt*. mjt^wwm^t^Lx^^^^ 
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x±mpvcmmmi 1 3 trmpvcmmmi 1 5cd/>?^^< th-^^±xm 

^^57 0 07^7^1 0 0 OHDdX^^:Ltmi'^V\^\ 

'm:m^^B(D±r^(D{pfi< th-:^^^n^^tx\ mmm<Dmj:7f§,^nmi^ 
^mm. }xmmm'^'^^':f^~y^^^M,i^wmt^^t-A^^x^^o ^t^. pvc 

mi(Dm^mmWim^^m^x^ 

fj:^^ 2-2mm-^j±mi^^imvtim^m':^^-y^(7)^^^s msi^^i^tz. 
i-3mm^j±mi^^im\^f^m=^^y°^-y^iotmmxh^fj^^. mm^m 
m-r^h<Dtu mmmL.rz.mjmmi^-:^^-^x(Dmmi^%^m-r^o i^t^. mi 
<Dmmmmxm^tmi^'mtm%-r^^'^i~^^(^tm^%^mu m^£m':^(D 

m2(Dm-mmim^2-2mm-^j±mt(Dwm.ijmx mi^^y^yy. %2 
^\ ^a:^v- y-f(Dmm%m\^^^^xmm-r^o 

0 Hxnlf^y^X'm^SOO ixm. ( 1 0 0 m m(Z)^ >9aU (Dft ^ T W ^f^ ^ S 
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r^f-s ^5;^X:y7°©±TPVCMjil 13,11 ^(Dmm\^-^\^X%W\-t 

So 

5 m<z.x 1 5 0 mkmm-f^. ^\z.mnu%^}M}i \.xwm\z. i s o ^ m^c 

T\ M^^^J;S^:yt°:/^^-^^7:y^cD/>/^V^2-2M^i^JEm^$:l 1 

wm^s -bffsMit^ii^ J: D ?fM$tbfc 2-2 Mm-a-ffimf* 1 1 i k v/ 

-hfaMJ^;^&t^J;oTM3g^ixfc2-2§yii^i±m#:^^V^T, -^^ 
^-f. ^^ffiSf^l l(7)JifIJPVCtfagl 1 3{^#iimW2 iSr. TWP 

m^^^4^yi^^^y—\^^ DJ?^ 5 0 AinKD^i— K-e. r w;^n^f^2 o o ^ 

20 ^LT. M^»l 1 0 p F/m, 2 m(DlWI#^-:/>^tfjiH:7 

(m3^»#J) 

m3(D^w#j^ii. i-3m<Dm^j±mi^i i^imvx. 
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m 3 o^sam^j-^^ 1 - 3mm^j±mi^ 1 1 ©Mat^^'i^. m 1 >;/:7\ 
dzK. ms:^'ry'^(D±mpvcmmmi 1 3i:TWPvcMi]ii 1 5W 
m2 7.T-y -^Kiov ^x]fm^nfcMA <9 p vcmm(Dm 3 . 4 .j; o rf-^ k 

^ ^^nf-ffimf* 1 1 Sr. v/^^V-T 5 0 M ml?(D:7V- Hl^ j; <9 2 0 
0 /zmt°5^^-C??|$ 7 0 0 !im(l 0 0 m mtT^^tJ^U^T^ft^T Wt^t-AiX. 

m^. m^:^7-y-:f(DAiy-PYcmmmi 13.11 ^(DmrnK-^^^^xmrn-r 
rifcTi 5 0 uim.\mm-f^o 'mmvmum±mt x^xwrnKi 5 onmiz. 

20 M^5o -r:^=?:b*3W^m^^t9?^UMOT®PVCMgJil 1 3f»lff^tLT 

mi^i^^-^ y (D^Mn^ \ 2 HKj^mm^^'T'^ 1-3 Mii^H 

mm- 1 1 ^?f^j55c-r § r t iy^x^ §o 

25 7^t;i. ±fSi^3t;^^£^^j:oTM3t$i^fc2^^^iB^[J«ii^j±m^*■S:ffiv^T. 2 

^T. -©DaU^iffiPVCtriiJil l 3--*iiflM2 l^i^^U -^rc^ 
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5o m^mm[mmKmr.(D^m^mi9mmLfz^k. ^<y^:ym2 5\z. 

P C (Dit^Ml^—m LT. it^M t G NDftlJ t (Dmi^ 1 KV/mmcDm±^mn 

^^:/n-:/3 o^i&BjLfc;o\ :^mmit2- 2mm^f±mitK-D\^'xmmm 
10 -efeSo 

M#^7°n -:7^ 3 0 ?t . B 1 . m 2 (Dmmm-cmm i^fc 1 7^%r 
15 B 4 (Dmmmvix 1 - 3 m^v 2 - 2 m(Dm-^j±MW- 1 1 <Dftji(DM3t;^ 

20 m<M2:^T-y-:f\z.m^x. ^mmmxit. ±rpvcmmmi 13. 115 
(Dj±mi^i 1 i^mm\mmiy-hAi\^^-<xmmu m^y-h^mj±miti 1 

25 ^v^T. mi<^^W#JJ-^bfeB3;^-^5/:7\ B4;^-^5'7\ "m^'^^y':f 

hmm-XM&'m:^ l-3Mm^J±m#:i l^JfM-rSo ?fM$;}x^cl-3M 
m^BE«f2^1 WZXt^ lKV/mm(7)m#^MbT^»a^m-^tl6o 

:^±57ii-</^^5t^fi{^ j; o T t . mi (D'mmmx'^-^fz. 1 - 3 M^i-^iEmf* 
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1 i^mj^^^t-i>^m-T:h^o ^fc. *M3t^m. j±m^^^B^m\^^tcm 

5 mmi^(Dmm'^- h±imm(Dm^^nj±mit 1 1 1 ^nm-r^ :it\cx^. 

mz.. 2-2 Mc7)ii^j±m#: 1 1 ^Mm-^m<Difmz.-D^ ^xtm-r^. 2 - 
10 2m(Dm^j±MW^ 1 1 {c^ov^r ±te 1 - sM^^ii^ffmft: 1 1 ^mmiijmt 

So 

15 1 ^^^V ^« 2 W M^^^g-^n --^li;, m&(D:1jmi^ J: o r 

^ 5 (ommm-^^ix 1-3 m^v 2 - 2 m(Dm^j±mt ^f^tecD 
115 \z.mM 2 4 ^s^it btLT*5 '9 . ^f^HS 2 4 (D—mt^h y u-^i^y^/i4M 

3(Dmmmmxmm]^fcru4^=^m^^-y^tmm(Dim • ^M^^^^^^t 

25 ^'^X^ So 

m 6 (Dmmmmxix nn p v c tfigii^u^±tij p v cmmm srffMi^-r^-s 



-16- 



5 TV>5, 

m 6 ^^^-r j; 5 #^^rBi±m#:i i i(DAim^\tmi(Dm&4.o. ym^ 
2 corns 5 0 tm^^fix\^^, i (Dmm4 o la^m K^y v-^^^y-fiv 

10 0.5 0 ^^Z^y^/l^tmrn^A 2 . 44^^ LT0f^(Dm 

fl^mmMA 2 OSiU^/j^'y^ ^ K7^/VA^;^^^>;:c5|fe,^4 2 1 tfi^hfj:^^ 

mm^xM. Gmmu^t^fz.^(D^(Dxh^. ^rc. ^ 2(^-7 w^^^y^vv 
ia/fa&tS4 4ft. iii^^^b^.e§^m)i4 40. 442^. /Ku^ ^ k^^/^a^ 

15 ;0^^?^^^|&f*ii4 4 1. 4 4 3. A A 5 ti)^hf^^^mMS.tfj:^X^^ . "T^n 

1 t^^TcT §y^^jgy°n 3 5 {t. mi (D^m^-^m 17. m 2 (D^mm 
^118^^ LTV ^6o r ® 3 5 (Dmnm^mm t° 5/ ^it. ^ o 

20 T 0. 1 mmfl^-efo So 

El 7 ft. ^ 2 (D 7 ^-=3^ v^y/HEMIS 4 4 CO^mi 4 4 0 <7)±ffi[g] UT V ^ 

0 7 fci^-rt 5 f-. ^2 ©7 ^^v/^>@aii^^4 4 ftB'f^^^°^^-^(^i5ll4 
4 0a ^^UTV^S. ^fMai|4 40 a t° 5/ ^ijiift. :7°n— 7^3 S^^^^-f-^^ 
25 m^B^Sm^ 1 1 1 (DT W ia^lJ© t° :y ^^g^T-Cfe 60 #iB7^ 4 4 0 a ft. 

i^B^0j±m^i 1 i\mjz^-r^^%2(Dmm^A(D±mK=r,7f.e^^y^\^^:^\\\z.x^ 

? I ^ m bfti^^^Tft/^ < . f >J;t ft'^T(7)Sai^?r^-:^f^f 1 1 ffitlt^Tfeo T 
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r (Dmf^^f^ —y^ 3 5 j; w,i(Dy u^i^y'/v^mmR 4 2 2 cd 
5 yu^ ^yy^/i^nmM^ 4 4 ^^^H^aHmf^ 1 1 r ga^tjo t° ^ ^iiiii^xT t 
LTv^s^^fD. Twsa?ij^ffMi-5rii©WMt^3v>-r. 2^mii4 4 4im;f^0^B 

444 }im^^nJ±m^i 1 1 ^{il^B#{3:WJ$tv/c6V^;0^P?, T WMitfcJtSi^ 
10 ■7VHa,mSt^4 2^tJ?^2(D:7U:3^->^/HH||St^4 4^^^br::m^Tmi^^B 

15 ^tij^^u. Wk(Dm^. mx.\m 2 i/:^^>:7vnaiist^4 4 (D^mm 4 

25 ^%2(Dy^^^yy^;VtmM'^^ 4 ^[^C^co:S^ffiV^Si^^^{teV^^i^^5$,s^ 

#:7^^>/:7Vnaii^5©iaii4 4 2fi. T^y^um-^hJtzWi^m^.Wfx 1 1 
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m 8 ^T. ®^^y°n— 3 5 11 6 \^fzmjM^Mx.x::^;\^^— 

15 4 0tDia||4 4 0 a <^ 4 4 0 b ^(7)ii^^5SJp3iT.ri/^5o 

l^X±57li-</c::2^^W#Jtc#5®^^g7°n-:/~3 5f^J;tL{t\ ^y^'^^^m^^ 

m7(Dmmmx\^. iiiomti4 o^^^^i#m-rsaii^^2(Z5it^M5 o;o^^ 

20 5 1 # tUt-ia^m cir ^— L. ^^fsffm 111 (DTm^ tiJ-mt^jSy o 

01 Oft. m7(Dmmmm\m^m^m':f^-y'5 o(Dmmm^^mm-r^f-:L 

v^iyy';vwm.m^A 4 h ^^*-t-5tfi®m^^^ LTv HI 1 0 \^^\ ^T. 

25 GNDffi©^ 1 (Dnm4 0 ft. ^I^H^sffillf*: 111 ±Mi)^hm^^W^ LTTS 

fc^-eii^^-r^HJbjA^S^itT^eoTv^So Mi(Dm4 0ft. ^2(7571/=^^/ 

■7>iBafflS4 4 (Z)^mii 4 4 2 f;i^i!^tl.. m 2 (DWM 5 0 ft. 2 (7^:7 
\yy'/vmUmS.4 4 4 4 0 fC^^^lxTV #2»1tii 4 4 2. 
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4 4 0 laX UTV >/^V #^H%J£mf2^ 111 CD^^M4 0 , 50 \Z^t> 

#^mii44 0. 4 4 2©Jf:${^18/zm-efe§o 4^°!J-f ^ K^^fj 

t^6m^M4 4 3(DJ¥${^ 12. 5~25/zm-efe^o 
5 ®^^7°n--:7"'5 0O«^M^^-ro 

gli i«. af^^:/n-:/^5 0®^^ff^M-t^fe§^1^^7^n-:7^5 l^^UfcS 

Trfc?)o EI 1 1 i^^-rx 5 ^mi 4 4 2 vx^^^Bj±nit 1 1 1 nj ^9 
^^^fcm 1 <DmM 4 0 j^^gi-f-^c Lfz.mmm 440 ^« Lf^ife^ 4 
4 3 iciiE] (9 iA^iirTi^ 2 (DM 5 0 trnmr^o 0 b3A;^i^ig{^^^p:sr7< y ^-r 

m 1 0 (c^U/^c®#^yn-:/'5 0 timvtzim^. millc^ Ltc-^u-y"- 

mfm^x-hm-t. M}±.mmKi^-^x^\^^^mmm^w^^Bj±:mw-i ikd 

15 HI 1 2 ®^^:7°n —y^ 5 1 (D^MmX^ ^ n — 5 2 LfdEl 

TfeSo Hi 2ic^-r:7°n-:/5 2tt. Mx.«; Hi l (c^Lfcyn-^^s l o 

m^-e^m)i4 4 o(Dm\.^mm.-%:'^^mmmf£-^M^\^-^f)^h^o mi 2 

{^^-r J; 5 — y 5 2 -Tr«. 2#1|ji 4 4 0^ 442 c7).liTM#{^ HI 

1 l(7)^iitJ::;^^oTV^6o ^1 ©^4 OcDlsILaA^zMt^t^Mt^y 

20 n-y' ^ 1 tmz.f£-::>x^^ . M^MM A s\ci:^xmi(Dwm4 0 . mmM4 

4 2, 4 4 2 a ^^(DaiS^S^f^ixTV^^o 
^(Dmfmi^X-htllt. 1 1 <^ll2cD-7^^^>:7VHa|^^4 

4^srs*bfcm, mmMm4s\:L^-Dxmi(Dn&4otm-nM4 4 2. 4 4 
25 m-'mm4s\z.^:bmw<~i. m^mmmm^r^-(mmmm-^xh^^\ 

-efcSo in 1 3 J-^-r cJ; 5 (cSl^^syu— 5 3 fi. 4 4 2 (D^m^hm 

i±i^i54 4 2 b ^mns^^. m^m}±MW-i i imm^imfmrniA 4 2h^m^ 
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Additional advantages and modifications will readily occur to those 
skilled in the art. Therefore, the present invention ia its broader aspects is 
10 not Hmited to the specific details, representative devices, and illustrated 

examples shown and described herein. Accordingly, various raodifications 
may be made without departing from the spirit or scope of the general 
inventive concept as defined by the appended claims and their equivalents. 
For example, 

15 (1) ^mmjfmxmm-r^m^^Bj±mmt.m^m'^-^fvf£^\ m:tit. Pb((zn 
1 /3Nb2/3) 0. 9iTio. 09) 03 Kixm^th^m^^:ty^m^ t i^m^tomMi^ 

111 (D}LrWiZ. P V CtrigJl^JfM LT^ y \f^yy^m±^P5± $ ^ KmJ^ 

-^mxh^o 
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WHATIS CLAIMED IS 

3 . m^^'^mmmm l < ttiijw3T®tfigji(D/>/^ < t 2x10^ 

g /m^ s 1 0 X 1 0 ' g /m' s ©^#-r ^/fc — ^V;^ b^i^^^^il t 
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7 . wm^y- V \zjmmo:)W^m±mm:mm'y- y ^-^^-rsm 1 ^^^^^ y 

5 

20 10. mmm^±\m^(Dm(Dmmfmr^mfKy-^^->'^t^thx^^^^yu^zy 
25 ^iix^c: t ^m^t-r^m^my'n-yM'mjmo 
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ABSTRACT OF THE DISCLOSURE 



mj±'mi^x ^ h^-f < mmi^^^-r^mmm 113, 11 



